Abstract Calcium-binding protein 1 (CaBP1) regulates inositol 1,4,5-trisphosphate receptors (InsP 3
Neuronal calcium-binding proteins (CaBPs) belong to a subclass of the calmodulin (CaM) superfamily that regulates various Ca 2? channel targets in the brain and retina (Haeseleer et al. 2000) . Multiple isoforms of CaBPs are localized in different neuronal cell types and perform specialized roles in signal transduction (Haeseleer et al. 2004) . The CaBP1 isoform regulates the Ca 2? dependent activity of inositol 1,4,5-trisphosphate receptors (InsP 3 Rs) that serve as Ca 2? release channels on the endoplasmic reticulum membrane (Kasri et al. 2004 ). CaBP1 also regulates P/Q-type voltage-gated Ca 2? channels (Haeseleer et al. 2004 ), L-type channels, and the transient receptor potential channel, TRPC5 (Kinoshita-Kawada et al. 2005) . CaBP1 contains four EF-hand motifs, but the second EF-hand (EF2) lacks critical residues required for high affinity Ca 2? binding (Wingard et al. 2005 bound at EF3 and EF4 (Li et al. 2009 ). However, the structure is not yet known for Ca 2? -saturated CaBP1 with Ca 2? bound at EF1, EF3 and EF4, which is a key signaling state for ion channel regulation. We report here the NMR assignments of CaBP1 with Ca 2? -bound at EF1, EF3 and EF4, as a first step toward elucidating its atomic-level structure and regulatory mechanism.
Methods and experiments
Expression and purification of human CaBP1
All NMR experiments were performed on a small splicevariant of human s-CaBP1 referred to in this study as CaBP1. The recombinant CaBP1 protein was cloned into pET3b expression vector (Novagen) and over-produced in Escherichia coli strain BL21(DE3) as described previously (Wingard et al. 2005) .
13 C/ 15 N-labeled protein expression was induced by the addition of 0.5 mM IPTG at 37°C in M9 minimal medium containing 15 NH 4 Cl and [U-13 C] glucose. Cells obtained from M9 cultures were disrupted by sonication. The cell lysate was centrifuged and the supernatant was loaded onto a Phenyl-Sepharose 4B column (Amersham Biosciences) and CaBP1 protein was purified as described (Wingard et al. 2005) . Typically, 50 mg of purified protein was obtained from 1L culture. The protein identity and purity were confirmed by SDS-PAGE.
NMR spectroscopy
Samples for NMR analysis were prepared by dissolving 13 (Neri et al. 1989) . NMR data were processed using NMR Pipe software package (Delaglio et al. 1995) and analyzed using SPARKY.
Assignments and data deposition Ca, 13 Cb, and 13 CO), *82% of aliphatic side chain resonances, and *50% of aromatic side-chain resonances were assigned for residues in structured regions, including stereospecific assignment of valine and leucine methyl resonances. Three downfield shifted amide proton resonances at *10.5 ppm are assigned to Gly40, Gly117 and Gly154 and verify that Ca 2? is bound at EF1, EF3 and EF4, consistent with our earlier Ca 2? binding analysis (Wingard et al. 2005) . Chemical shift index analysis (Wishart and Sykes 1994) indicates the secondary structure of Ca 2? -saturated CaBP1 is nearly identical to that observed for Mg 2? -bound CaBP1 (Li et al. 2009 (Wingard et al. 2005) for residues in EF1 suggest that EF1 might remain in a closed conformation even in the Ca 2? bound state, in contrast to the Ca 2? -induced open conformation observed previously for EF3 and EF4 (Li et al. 2009 ). The Ca 2? -bound closed conformation for EF1 in CaBP1 is reminiscent of a Ca 2? -bound closed conformation seen previously in cardiac troponin C (Wang et al. 2002) . We propose that the closed conformation of EF1 in CaBP1 would prevent adventitious binding to protein targets like that shown for cardiac troponin C (Wang et al. 2002) , and therefore might be functionally important for promoting highly specific target binding to CaBP1. 
